Limited information on the East Antarctic Ice Sheet (EAIS) geometry during Marine Isotope Stage 3 (MIS 3; 60-25 ka) restricts our understanding of its behaviour during periods of climate and sea level change. Ice sheet models forced by global parameters suggest an expanded EAIS compared to the Holocene during MIS 3, but field evidence from East Antarctic coastal areas contradicts such modelling, and suggests that the ice sheet margins were no more advanced than at present. Here we present a new lake sediment record, and cosmogenic exposure results from bedrock, which confirm that Rauer Group (eastern Prydz Bay) was ice-free for much of MIS 3. We also refine the likely duration of the Last Glacial Maximum (LGM) glaciation in the region. Lacustrine and marine sediments from Rauer Group indicate the penultimate period of ice retreat predates 50 ka. The lacustrine record indicates a change from warmer/wetter conditions to cooler/drier conditions after ca. 35 ka. Substantive ice sheet re-advance, however, may not have occurred until much closer to 20 ka. Contemporary coastal areas were still connected to the sea during MIS 3, restricting the possible extent of grounded ice in Prydz Bay on the continental shelf. In contrast, relative sea levels (RSL) deduced from field evidence indicate an extra ice load averaging several hundred metres thicker ice across the Bay between 45 and 32 ka. Thus, ice must either have been thicker immediately inland (with a steeper ice profile), or there were additional ice domes on the shallow banks of the outer continental shelf. Further work is required to reconcile the differences between empirical evidence of past ice sheet histories, and the history predicted by ice sheet models from far-field temperature and sea level records. 
Introduction

1
Empirically derived Antarctic ice sheet histories are important for understanding the response 2 of the ice sheet to changes in climate and sea level, and for testing ice sheet models. To 
32
Age constraints of sediment records for many of these sites are derived from radiocarbon 33 dating of organic matter and carbonates, which raises some problems as the early part of the latter part of MIS 3 record may be missing due to erosion by the ice sheet during the
1
LGM. Thus, further evidence, and a more diverse set of dating techniques is needed to 2 resolve the apparent contradiction between modelling and field observations.
4
In this study we present new evidence for an un-glaciated coastal area in East Antarctica 5 during MIS 3, at Rauer Group. Two pieces of evidence previously suggested that Rauer
6
Group may have been partly ice free during MIS 3. First, sediments from a coastal inlet have 
12
LGM. 
18
Rauer Group is an ice-free archipelago on the eastern margin of Prydz Bay ( Fig. 1 and 2 ).
19
The islands of Rauer Group support a range of shallow and mostly saline lakes (Hodgson et 
12
Sediment cores were recovered from the deep central part of Skua Lake with an Eijkelkamp 13 piston corer from the ice cover of the lake. Sediments were stored at 4°C prior to core 14 opening.
15
For elemental analysis semi-quantitative XRF scans were obtained on core halves using an 
6
For further analysis the sediments were sub-sampled in 2 cm slices, and freeze-dried.
7
Elemental analysis for total sulphur (S) was conducted on ground aliquots (< 63 m) with a
8
Vario Micro Cube combustion elemental analyser (VARIO Corp.) and total organic carbon 9 (TOC) and total inorganic carbon (TIC) was quantified with a DIMATOC 200 (DIMATEC Corp.). Two samples of sediments from a very shallow un-named lake basin close to Skua 11 Lake (68°48.758' S; 77°51.114'E; Fig. 2 ) and from recent marine mud were sampled and 12 analysed for their fossil content. The samples were wet sieved on a 0.1 mm sieve and the
13
residue left on the sieve analysed using a dissecting microscope.
14 AMS radiocarbon measurements were carried out on bulk organic carbon of sediment 
21
analytical error of AMS measurement (Table 1 ). This can be explained by the low TOC contents and inhomogeneity of the samples due to grain size effects.
23
We define four units based on lithological and geochemical characteristics in core Co1008. 
11
Mirabilite precipitation in Skua Lake likely resulted from the formation of brines during consistent with the modern day lake.
10
The precipitation of gypsum in the lake also reflects a high ion concentrations and points to 11 recurring oversaturation of the water with respect to gypsum, either due to freezing or due to 
2
Radiocarbon ages from Unit IV indicate a Holocene deposition. Assuming a constant 3 sedimentation rate, the extrapolated age of the sediment surface is close to modern, which 4 points to a low reservoir age of Skua Lake related to CO 2(aq) in lake water being in equilibrium 5 with the atmosphere. Al from prior to the LGM means that these sites must have a 10 preserved cosmogenic nuclide inventory from one, or several periods of prior exposure.
11
While the timing and number of exposure periods cannot be deduced from these 12 measurements alone, they do provide some measure of the minimum length of time the sites 13 have remained ice free since the current bedrock surfaces were exposed to within ~ 2 m of 
23
Maximum durations of exposure are more difficult to constrain from the isotope 24 measurements, as both subaerial and subglacial erosion will limit the true bedrock exposure have a minimum exposure age of at least ~200 ka (Fig. 5) 
25
The in-situ 
32
and potentially only a few thousand years (Fig. 6 ). 
6
Marine sediments were accumulating ~18 m below present sea level at Filla Island inlet from 7 before 44 to after ca. 30 ka (Fig. 2) . Environmental conditions were similar or even more 
26
While no clear break in sedimentation exists, this extremely low sedimentation rate is 27 inconsistent with deposition rates an order of magnitude higher during similar environmental 28 conditions during the Holocene (Fig. 4) . Thus, alternatively, it could result from discontinuous 29 sedimentation in the lake and the existence of a hiatus, namely between unit Ia and Ib. While
30
there is no evidence from the lake sediments of true glacial overriding between units Ia and
31
Ib, it could be the result of the lake basin filling with firnified snow (e.g. Gore, 1997), as has 32 been proposed for lakes in the nearby Larsemann Hills (Hodgson et al. 2005 (Hodgson et al. , 2006 . exposure prior to this period, but the nuclide concentrations are insensitive to the timing of this exposure. Also, even if the lakes were covered in firnified snow, it is feasible that the 1 summits were exposed and thus accumulating nuclides in the period prior to 40 ka.
2
The environmental conditions in Skua Lake during the deposition of unit Ia have likely been 
12
However, as the Larsemann Hills site was not heavily glaciated during the LGM, the regional 13 ice sheet geometry cannot easily be deduced from this site alone. Rauer Group, however,
14
was overrun by the ice sheet during the LGM, so its glacial evolution is a more sensitive 
22
The marine and lacustrine records from the coastal oases also provide key constraints on 23 relative sea level (RSL), which can be used to model regional crustal ice loads, and thus
24
provide an indirect measure of regional ice volumes during MIS 3 (Berkman et al. 1998). In
25
Prydz Bay RSL constraints can be derived for Rauer Group and Larsemann Hills (Fig. 7) . In 
8
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